Thermal Burns
Thermal burns in children occur primarily after exposure to a hot surface or liquid, contact with fire, or from an electrical discharge (however this is rare). Burns are typically classified based on the depth and total body surface area, and they are further categorized as superficial, superficial partial thickness, deep partial thickness, or full thickness. Burns may also extend into deeper structures such as the muscles and bones (also referred to as fourth degree). The severity and onset of the burn can also depend on the temperature and duration of contact.
Symptoms (Table 1) Treating Thermal Burns The initial at-home treatment for an isolated burn is cooling the wound with tepid water (55°F to 65°F, 13°C to 18°C) to remove any residual heat and prevent progression of the thermal burn. This can be effective if applied within the first few minutes of the injury, but 
Partial thickness
Partial thickness burns are traditionally called second-degree burns, involve the epidermis and a portion of the dermis, and result in the formation of bullae. They are further subdivided into superficial and deep. Superficial: Superficial partial thickness burns are moist and elastic and will blanch with pressure and may have edema (fluid). Deep: Deep partial thickness burns are more dry and do not blanch with pressure.
Full thickness
Full thickness burns (otherwise known as third degree) involve both the epidermis and dermis, and appear as white and waxy or even charred. They are not painful as the nerve innervation has been destroyed, but any surrounding areas that are not full thickness will be painful.
should not be continued for longer than 20 to 30 minutes. In addition, ice or very cold water should not be used. 4 The American Burn Association recommends referral to a burn center for burns that are partial thickness and cover more than 10% of total body surface area, any full thickness burn or burns that involve the face, genitals, perineum, or major joints. Hospital care may be needed if significant airway, respiratory, or circulatory compromise has occurred. Part of the initial evaluation of a burn injury is to approximate the percentage of total body surface area involved, based on the Lund and Browder chart 5 (Figure 1 ) as recommended by the American Burn Association. There is often a large amount of variability in total body surface area estimation, 6,7 as areas of superficial or first degree burns are not counted in determining total body surface area. For children, treatment for burns is focused on wound care in order to prevent infection and minimize further fluid loss. Depending on the size and location of the wounds, treatments can include the following:
Despite the fact that there is no evidence that these treatments stop bacterial growth, they are still commonly used. [8] [9] [10] [11] [12] The selection of antibiotic or a particular type of dressing is typically determined by regional and individual preference and experience. Management of pain is also very important and often insufficient in children. 13 Debridement, or the process of eliminating dead tissue from burn wounds, is a controversial treatment approach, especially among children, as there is no consensus standard. One strategy pediatricians use is to leave smaller blisters (less than 6 mm) intact while removing all nonviable tissue from larger blisters (more than 6 mm). 14 For children, preventing burns in the first place is key. Parents can take small steps to reduce the likelihood of burns, such as setting the hot water heater to a maximum of 120°F (49°C) to limit scald injuries from bathing and keeping children out of the kitchen while cooking, microwaving, or using the oven. In older children, house fires are a common preventable cause of burn injuries. A working fire alarm should be located on every level of the home, and fire alarms should be tested monthly and batteries should be changed annually. 16 
Chemical Burns
Chemical burns occur when a chemical comes in contact with the skin. Chemicals can cause direct cell injury through multiple mechanisms such as oxidation, reduction, denaturation, and dehydration depending on the substance. These reactions are often exothermic (a chemical reaction that releases energy via light or heat), which can add thermal injury to the chemical injury. The length of exposure in chemical burns is often much longer than thermal burns because exposure to the substance may be ongoing, whereas thermal burns are typically of very short duration.
The most likely source of caustic substances that a child may come into contact with is through household cleaning and beauty products ( Table 2 ). These include drain cleaners, toilet bowl cleaners, dishwashing detergents, oven cleaners, metal cleaners, rust removers, and hair relaxers. Common substances found in these products include hydrochloric acid, phosphoric acid, sulfuric acid, hydrofluoric acid, sodium hydroxide, and potassium hydroxide. In one study on household productrelated injuries treated in US emergency departments, it was estimated that more than 40 000 children were diagnosed with a chemical burn from a household cleaning product over a 17-year period, which is slightly more than 2300 per year. 17 Less common causes of chemical burns are from exposures to elemental metals, phenol, chemical warfare agents, dry lime, and white phosphorous. As with most chemical or poisoning episodes in children, there is a clustering affect in children under 5 years old, peaking at the age of 2 years. 18 Toddlers are mobile and prone to exploring their environment, but have not attained adequate cognitive skills to understand the dangers associated with caustic substances.
Symptoms
The clinical appearance of a chemical burn will depend on the substance, its concentration, and the duration of contact. The initial appearance of a chemical burn may be similar to a thermal burn, with erythema, pain, and the potential formation of bullae. Alternatively, chemical burns can appear darkened with a hard, dry eschar, also known as a scab. Depending on the substance, symptoms can be immediate or delayed, and evaluating the depth of the injury can be difficult. 19 Ingestion of a caustic agent causes immediate chemical burns to the mucosal surface to which it comes into contact. Generally this is the mouth and esophagus, but it is important to note that the lack of oral burns does not mean that an esophageal burn is not present. When a child's airway is affected, significant upper airway edema can occur and signs of this include stridor (harsh or vibrating noises during breathing), hoarseness, and dysphonia (difficulty speaking). If there are concerns about airway blockage, an artificial airway may be necessary. The timing of the endoscopy is important and should not be delayed for more than 48 hours as the chance of esophageal perforation increases.
Treating Chemical Burns
The first step in addressing eye or skin contact with chemicals is decontamination by flushing the area affected, since prolonged contact will increase the severity of the injury. Any clothes that were potentially exposed to the chemical should be removed to prevent further skin contact. Dry caustic agents can be brushed off first, followed immediately by irrigation for at least 15 minutes to neutralize eye or skin pH, provided there is no concern for an airway or systemic injury. This process has been shown to improve outcomes, 20 as it washes the offending agent away from the area, dilutes any chemicals in contact with the skin, cools any associated thermal reactions, and helps correct cell dehydration caused by some substances. Water has been found to be sufficient for irrigation, while other fluids have not Sunburns are a specific type of burn caused by ultraviolet radiation from the sun (or from artificial ultraviolet sources, such as tanning beds). They are the most common type of burn, with at least 50% of children experiencing a sunburn before the age of 11 years. 15 Sunburns will appear similar to thermal burns and can range from painless erythema to painful erythema with edema and bullae, appearing in sunexposed areas only. conclusively been shown to be superior. 21 It is important to note that water irrigation should not be performed after coming in contact with elemental metals, phenol, and dry caustic agents. Following adequate decontamination, chemical burns should be treated in the same manner as thermal burns with application of topical antibiotics and dressings as indicated. Chemical exposures to the eye generally should be referred to a pediatric ophthalmologist.
Delayed Chemical Burns: Symptoms and Treatment
Some household products such as rust removers, glass etchers, or wheel cleaners are generally lower in the concentration of chemicals compared to industrial products and may include hydrofluoric acid, or hydrogen fluoride and water. Low-concentration hydrofluoric acid dermal exposures may not cause immediate symptoms, as fluoride molecules must first penetrate into the tissue and cause cellular injury. While delayed, this type of burn can still lead to symptoms including erythema, edema, blanching, and pain. For these types of isolated exposures, treatment with topical calcium slurries (calcium chloride or calcium gluconate in a surgical water-soluble lubricant) or subcutaneous/intravenous/ intraarterial calcium injections, along with pain control, is an effective approach. In some cases, ingestion of these chemicals or dermal exposure to large volumes is fatal. Systemic hypocalcemia (low calcium levels) or hypomagnesemia (magnesium deficiency) is unusual with isolated dermal exposures to low-concentration hydrofluoric acid. However, when ingested or with dermal exposure to high-concentration hydrofluoric acid, systemic hypocalcemia or hypomagnesemia can be fatal.
Helpful Resources for Parents
The American Burn Association recommends that all chemical burns be referred to a regional burn center. In the United States, the American Association of Poison Control Centers, which supports regional poison centers across the country, can also be contacted at 1-800-222-1222 for assistance with treatment and disposition. Prevention is a key factor for children. Household products should be kept in a locked storage area and out of reach of young children, and should never be removed from their original container or placed into other containers. The original containers for dangerous household products are mandated to have child resistance closures to decrease the likelihood of exposure or ingestion.
